







7UDIILF PRQLWRULQJ DQG DQDO\VLV EDVHG RQ JHQHUDO
SXUSRVH V\VWHPV ZLWK KLJK VSHHG LQWHUIDFHV VXFK DV
*LJDELW (WKHUQHW DQG *LJDELW (WKHUQHW UHTXLUHV
FDUHIXOO\ GHVLJQHG VRIWZDUH LQ RUGHU WR DFKLHYH WKH
QHHGHG SHUIRUPDQFH 2QH DSSURDFK WR DWWDLQ VXFK D
SHUIRUPDQFHUHOLHVRQGHSOR\LQJPXOWLSOHSURFHVVRUV7KLV
ZRUN DQDO\VHV VRPH JHQHUDO LVVXHV LQ PXOWLSURFHVVRU
V\VWHPV WKDW DUH SDUWLFXODUO\ FULWLFDO LQ WKH FRQWH[W RI
SDFNHW FDSWXUH DQG QHWZRUN PRQLWRULQJ DSSOLFDWLRQV
0RUH LPSRUWDQW D QHZ DOJRULWKP LV SURSRVHG WR




0DQ\ RI WRGD\¶V DSSOLFDWLRQV DQG FRPPXQLFDWLRQ
V\VWHPV UHO\ RQ GDWD QHWZRUNV &RQVHTXHQWO\ VHDPOHVV
RSHUDWLRQ DQG SURSHU SHUIRUPDQFH RI WKH QHWZRUN KDYH
FRPH WR DIIHFW HYHU\RQH¶V GDLO\ EXVLQHVV DQG SHUVRQDO
OLIH 7KLV KDV OHG LQ WKH ODVW \HDUV WR D VLJQLILFDQW
LQFUHDVH LQQHWZRUNFDSDFLW\DQGUHOLDELOLW\DQG WKHQHHG
RI WRROV WR FRQWLQXRXVO\ PRQLWRU QHWZRUN EHKDYLRU DQG
SHUIRUPDQFH *HQHUDOO\ VSHDNLQJ VXFK WRROV VQRRS
SDFNHWV EHLQJ WUDQVIHUUHG WKURXJK WKH QHWZRUN SRVVLEO\
VWRUHSDUWRIWKHPIRUODWHUDQDO\VLVDQGFROOHFWYDULRXV
PHDVXUHPHQWVDQGVWDWLVWLFV
(YHQ WKRXJK GLIIHUHQW VROXWLRQV FDQ EH GHYLVHG IRU
VSHFLILFDSSOLFDWLRQVLQJHQHUDOWKHFULWLFDORQOLQHSDWK
RI QHWZRUN PRQLWRULQJ DQG DQDO\VLV LQFOXGHV WKH
IROORZLQJRSHUDWLRQVXVXDOO\H[HFXWHGLQWKHRUGHUVKRZQ
EHORZ
 )LOWHULQJ HDFK SDFNHW WUDYHOLQJ RQ WKH QHWZRUN LV
PDWFKHGDJDLQVW D VHW RI UXOHV LQRUGHU WRGHWHUPLQH
ZKHWKHU LW LV LQWHUHVWLQJ IRU D SDUWLFXODU DSSOLFDWLRQ
6LQFH WKH DPRXQW RI WUDIILF WUDYHOLQJ RQ D QHWZRUN
VHJPHQWHVSHFLDOO\LQWKHQHWZRUNFRUHFDQEHKXJH
ILOWHULQJ RXW LUUHOHYDQW WUDIILF LV DQ HVVHQWLDO VWHS WR
UHGXFHWKHGHPDQGLQWHUPVRIVWRUDJHDQGSURFHVVLQJ
SRZHURQ WKHPRQLWRULQJDQGDQDO\VLV WRRO)LOWHULQJ
XVXDOO\ LPSOLHV H[WUDFWLQJ UHOHYDQW ILHOGV IURP HDFK
SDFNHW DQG XVLQJ WKHLU YDOXH WR HYDOXDWH WKH UXOHV
)LOWHULQJLVDVSHFLDOFDVHRIFODVVLILFDWLRQ>@WKDWLV
XVHG E\ YDULRXV QHWZRUNLQJ IXQFWLRQV WR VHSDUDWH
SDFNHWVWKDWQHHGWREHSURFHVVHGGLIIHUHQWO\
 3URFHVVLQJ ZKLOH WUDIILF PRQLWRULQJ DQG DQDO\VLV
GRHVQRWPRGLI\SDFNHWVDODUJHQXPEHURIFRXQWHUV
XVHG WR SURYLGH PHDVXUHPHQWV DQG VWDWLVWLFV PLJKW
KDYHWREHXSGDWHGIRUHDFKDFFHSWHGSDFNHW
 6WRULQJ SDFNHWV RU UHOHYDQW SDUWV RI SDFNHWV DUH
VWRUHG LQ V\VWHPPHPRU\RUPDVVPHPRU\ IRU ODWHU
RIIOLQH SURFHVVLQJ RU LQVSHFWLRQ E\ D QHWZRUN
PDQDJHU 7KLV RSHUDWLRQ LV HVVHQWLDO LQ SDFNHW
FDSWXULQJWRROV
&RQVLGHULQJWKHFRQWLQXRXVLQFUHDVHLQQHWZRUNWUDIILF
SHUIRUPDQFH LV D NH\ LVVXH LQ QHWZRUN PRQLWRULQJ DQG
DQDO\VLV WRROV 2QH DSSURDFK LQ DGGUHVVLQJ VXFK LVVXHV
UHOLHV RQ VSHFLDOSXUSRVH KDUGZDUH WKDW DVVLVWV LQ WKH
H[HFXWLRQ RI WKH DERYH RSHUDWLRQV $QRWKHU DSSURDFK
IRFXVHV RQ RSWLPL]LQJ WKH VRIWZDUH LPSOHPHQWDWLRQV RI
WKH DERYH RSHUDWLRQV VR WKDW WKHLU H[HFXWLRQ RQ JHQHUDO
SXUSRVHKDUGZDUHFDQFRSHZLWK WKH WUDIILF DWKDQG7KH
IRUPHU DSSURDFK OHDGV WR KDUGZDUH PRQLWRULQJ DQG
DQDO\VLVWRROVZKLOHWKHODWWHUUHVXOWVLQVRIWZDUHWRROV
7KHZRUNSUHVHQWHGLQWKLVSDSHUZDVPRWLYDWHGE\DQ
HIIRUW WR LPSURYH WKH SHUIRUPDQFH RI:LQ3FDS>@>@ D
SXEOLF GRPDLQ:LQGRZV OLEUDU\ZLGHO\XVHGZRUOGZLGH
IRU WKH LPSOHPHQWDWLRQ RI DSSOLFDWLRQV WKDW UHTXLUH ORZ
OHYHODFFHVVWRQHWZRUNVHUYLFHV0RQLWRULQJDQGDQDO\VLV
WRROV OLNH WKH FRPSDQLRQ $QDO\]HU>@ :LQ'XPS >@
DQG(WKHUHDO>@DUHH[DPSOHVRIVXFKDSSOLFDWLRQV(YHQ
WKRXJK WKLV SDSHU IRFXVHV RQ PRQLWRULQJ DQG DQDO\VLV
DSSOLFDWLRQV WKH SUHVHQWHG ZRUN LV UHOHYDQW DOVR WR D
SOHWKRUD RI RWKHU DSSOLFDWLRQV VXFK DV QHWZRUN DGGUHVV
WUDQVODWLRQ 1$7 HQJLQHV URXWHUV ILUHZDOOV DQG

  ,W LV ZRUWKZKLOH QRWLFLQJ WKDW WKH ZRUN SUHVHQWHG LQ WKLV SDSHU LV
UHOHYDQW WR PDQ\ RWKHU QHWZRUN WRROV VXFK DV QHWZRUN DGGUHVV
WUDQVODWLRQ 1$7 HQJLQHV DQG ILUHZDOOV WKDW DUH PRUH GHPDQGLQJ LQ
WHUPVRISHUSDFNHWSURFHVVLQJ
LQWUXVLRQ GHWHFWLRQ V\VWHPV ,'6 ,Q IDFW:LQ3FDS KDV
EHHQXVHGLQWKHLPSOHPHQWDWLRQRIVHYHUDOVXFKV\VWHPV
7KLVZRUN UHSRUWV WKH FKDOOHQJHV DQG WKH RXWFRPH RI
WKH DSSOLFDWLRQ WR :LQ3FDS RI D EDVLF DQG ZHOONQRZQ
DSSURDFK WR SHUIRUPDQFH LPSURYHPHQW RI VRIWZDUH
V\VWHPV SDUDOOHO H[HFXWLRQ 7KLV ZRUN KDV EHHQ
SDUWLFXODUO\ FKDOOHQJLQJ VLQFH WUDIILF PRQLWRULQJ DQG
DQDO\VLV LV LQKHUHQWO\QRQSDUDOOHOEHFDXVHSDFNHWV WUDYHO
VHULDOO\ WKURXJK WKH QHWZRUN OLQNV DQG DUH UHFHLYHG LQ
VHTXHQFH E\ D VLQJOH 1HWZRUN ,QWHUIDFH &DUG 1,& ,Q
6HFWLRQ WKH DERYHSUHVHQWHG FULWLFDO RSHUDWLRQV DUH
DQDO\]HGLQPRUHGHWDLOIURPERWKWKHORJLFDODQGSK\VLFDO
SRLQWV RI YLHZ 7KLV DQDO\VLV DLPV DW ILQGLQJ WKH
SURFHVVLQJ VWHSVZKRVH SDUDOOHO H[HFXWLRQ FDQ SRVLWLYHO\
DIIHFWSHUIRUPDQFH6HFWLRQIRFXVHVRQWKHPRVWFULWLFDO
²IURPWKHSRLQWRIYLHZRISDUDOOHOH[HFXWLRQ²RIVXFK
VWHSV EXIIHU PDQDJHPHQW $ QRYHO EXIIHU PDQDJHPHQW
DOJRULWKP WKDW DOORZV PXOWLSOH SURGXFHUV DQG PXOWLSOH
FRQVXPHUV WR FRQFXUUHQWO\ DFFHVV D FRPPRQ EXIIHU LV
SUHVHQWHGDQGFRPSDUHGWRZHOONQRZQVROXWLRQVHQDEOLQJ






7KLV VHFWLRQ JLYHV D FORVHU ORRN DW WKH RSHUDWLRQV
LQYROYHG LQ WUDIILF PRQLWRULQJ DQG DQDO\VLV WR SURYLGH D
PRGHO RI WKH FRUUHVSRQGLQJ ORJLFDO DQG SK\VLFDO V\VWHP
DUFKLWHFWXUH 6LQFH WKLV ZRUN ZDV GRQH LQ DQ HIIRUW WR
LPSURYH WKH SHUIRUPDQFH RI :LQ3FDS WKH SUHVHQWHG
V\VWHP DUFKLWHFWXUH LV FORVHO\ UHODWHG WR WKH RQH RI
:LQGRZV17EDVHGRSHUDWLQJV\VWHPV
/RJLFDO6\VWHP$UFKLWHFWXUH
)LJXUH  VKRZV WKH ORJLFDO V\VWHP FRPSRQHQWV
LQYROYHGLQFDSWXULQJQHWZRUNWUDIILF3DFNHWVUHFHLYHGE\
D 1,& DUH VWRUHG LQ D SRUWLRQ RI WKH V\VWHP PHPRU\
5$0 XVXDOO\ NQRZQ DV WKH 1,& GULYHU EXIIHU 7KLV
RSHUDWLRQ LV XVXDOO\ FDUULHG RXW GLUHFWO\ E\ WKH 1,& E\














GULYHU EXIIHU WKURXJK DQ LQWHUUXSW UHTXHVW ,Q
:LQGRZV17EDVHGV\VWHPVLQWHUUXSWUHTXHVWVDUHXVXDOO\
VHUYHG E\ WULJJHULQJ WKH H[HFXWLRQ RI D YHU\ VKRUW
KDQGOLQJ URXWLQH WKDW GRHV OLWWOH PRUH WKDQ TXHXLQJ D
SURFHGXUHSRLQWHU IRU ODWHUH[HFXWLRQ7KLVPHFKDQLVP LV
FDOOHGGHIHUUHGSURFHGXUHFDOO'3&>@>@7KH'3&LV
GHTXHXHG E\ WKH NHUQHO ZKHQ DOO WKH SHQGLQJ LQWHUUXSW
UHTXHVWVKDYHEHHQVHUYHGDQGLWLVUHVSRQVLEOHIRUFDOOLQJ
WKHXVHUVSHFLILFFRGHHJWKHFDSWXUHGULYHUWKURXJKDQ
HQWU\ IXQFWLRQ WKDW LV XVXDOO\ FDOOHG tap()>@ 7KH
FDSWXUHGULYHUUXQVDWNHUQHOOHYHODVZHOODQGLWVWDUWVWKH




RU ULQJ EXIIHU IURP ZKHUH WKH\ DUH GHOLYHUHG WR WKH
DSSOLFDWLRQWKDWFDQSHUIRUPDIXUWKHUSURFHVVLQJRQWKHP
7KHPRWLYDWLRQXQGHUO\LQJ WKLVZRUNLVLPSURYLQJWKH
SHUIRUPDQFH LQ H[HFXWLQJ WKH FRGH RI WKH FDSWXUH GULYHU




KDQGOLQJ D GLIIHUHQW SDFNHW VWRUHG LQ WKH 1,& GULYHU
EXIIHU ,Q :LQGRZV17EDVHG 603 V\VWHPV HDFK &38
KROGVLWVRZQ'3&TXHXHDQGZKHQLWLVQRWEXV\VHUYLQJ
DQ LQWHUUXSW UHTXHVW SLFNV D SURFHGXUH IURP WKHKHDGRI
LWV'3&TXHXHDQGH[HFXWHVLW7KHSRVVLELOLW\WRH[HFXWH
FRQFXUUHQWO\ WZRtap() IXQFWLRQVEULQJVDFRQVLGHUDEOH
DGYDQWDJH LQFDVH WKHDPRXQWRISURFHVVLQJ LQ LW LVKLJK
7KHSDUDOOHOL]DWLRQFDQEHKLJKO\HIILFLHQWLQFDVHWKHWZR
H[HFXWLRQ SDWKV GR QRW KDYH DQ\ GHSHQGHQFLHV DPRQJ
WKHPHJVWDWHYDULDEOHV
$IWHUWKHtap()SURFHVVLQJERWK&38PXVWFRS\WKHLU
GDWD LQWR WKH NHUQHO EXIIHU 7R FRPSOHWH WKH DGYDQWDJHV
EURXJKW E\ WKH 603 SURFHVVLQJ DOVR WKH FRSLHV RI WKH
FDSWXUHGULYHUV WRZDUG WKHNHUQHOEXIIHU VKRXOGEHPDGH
PRUH HIILFLHQW ,Q WKLV DSSURDFK WKH NHUQHO EXIIHU LV D
VKDUHG UHVRXUFH FRQFXUUHQWO\ DFFHVVHG E\ PXOWLSOH
SURFHVVHVZULWLQJFDSWXUHGULYHUVDQGUHDGLQJXVHUOHYHO
DSSOLFDWLRQV GDWD7KLV LV WKHZHOONQRZQSURGXFHU DQG
FRQVXPHUSUREOHPDZLGHO\NQRZQDOJRULWKPDGGUHVVLQJ
WKLV SUREOHP LV SUHVHQWHG LQ 6HFWLRQ ZKLOH VRPH
YDULDWLRQVWRLQFUHDVHWKHGHJUHHRISDUDOOHOLVPDPRQJWKH
SURGXFHUV DQG WKH RYHUDOO VSHHG DUH SUHVHQWHG LQ WKH
















FDOOHG PHPRU\ EXV DV VKRZQ LQ )LJXUH  WKH YDULRXV
&38V FDQQRW FRQFXUUHQWO\ DFFHVV WKH 1,& GULYHU EXIIHU
DQG NHUQHO EXIIHU ZKLOH H[HFXWLQJ WKH '3&V DQG WKH
FDSWXUHGULYHUtap()IXQFWLRQDVVKRZQLQ)LJXUH$V
D FRQVHTXHQFH WKH LGHD RI LPSURYLQJ SHUIRUPDQFH E\
KDYLQJPXOWLSOH&38V FRQFXUUHQWO\ DFFHVVLQJ WKH NHUQHO







1HYHUWKHOHVV D FORVHU ORRN DW FRPSXWHU DUFKLWHFWXUH
VKRZVWKDWSK\VLFDOWUDQVIHURIGDWDWRDQGIURPPHPRU\
LQYROYHV D WKLUG HOHPHQW WKH FDFKH PHPRU\ ZKLFK LV












3DUWLFXODUO\ ZKHQ WKH tap() H[HFXWHG RQ D &38
EHJLQV DFFHVVLQJ D SDFNHW VWRUHG LQWR5$0 LQ WKH1,&
GULYHU EXIIHU WKH SDFNHW LV XVXDOO\ WUDQVIHUUHG
LPPHGLDWHO\LQWRWKH&38FDFKHPHPRU\:KHQWKH&38
WKHQZULWHVWKHSDFNHWWRPHPRU\LQWKHNHUQHOEXIIHULW
LV DFWXDOO\ FRSLHG LQVLGH WKH&38¶VFDFKHDQGRQO\ ODWHU
WKH PHPRU\ EXV FRQWUROOHU ZLWKRXW LQWHUYHQWLRQ RI WKH






7KH SURGXFHUFRQVXPHU SUREOHP LV RQH RI WKH EHVW
NQRZQ H[DPSOHV RI V\QFKURQL]DWLRQ DPRQJ VHYHUDO







OLWHUDWXUH2QH RI WKH EHVW NQRZQ DSSURDFKHV >@ XVHV D
ULQJ EXIIHU DV VKDUHGPHPRU\ WZR SRLQWHUV 3 DQG& LQ
)LJXUH  WR HQVXUH SURSHU KDQGOLQJ RI WKH LQIRUPDWLRQ
VWRUHGLQWKHPHPRU\DQGWZRVHPDSKRUHVWRV\QFKURQL]H
WKH DFFHVV WR LW)RU WKH VDNHRI EUHYLW\ LQ WKH IROORZLQJ
SUHVHQWDWLRQ RI VROXWLRQV WR WKH SURGXFHUFRQVXPHU
SUREOHP WKHULQJEXIIHULVFRQVLGHUHGRUJDQL]HGLQIL[HG
VL]H VWRUDJH XQLWV KHUHDIWHU FDOOHG FHOOV 7KH SUHVHQWHG









EORFNHG E\ WKH ZDLW RSHUDWLRQ 2WKHUZLVH WKH SURGXFHU
ILOOVWKHFHOOSRLQWHGE\3PRGLILHV3WRSRLQWWRWKHQH[W




WKH VHPDSKRUH occupied WKH FRQVXPHU ZDNHV XS
UHWULHYHV GDWD IURP WKH FHOO SRLQWHG E\ & XSGDWHV & WR
SRLQW WR WKH QH[W FHOO DQG VLJQDOV VHPDSKRUH free
SRVVLEO\DZDNLQJWKHVOHHSLQJSURGXFHU
6HPDSKRUHfreeDYRLGVRYHUUXQQLQJWKHEXIIHUVLQFH
WKHSURGXFHUFDQZULWHVRPHGDWDRQO\LI WKHUH LVDW OHDVW
RQH IUHH FHOO LQ WKH ULQJ EXIIHU 6HPDSKRUHoccupied
DYRLGV XQGHUUXQQLQJ WKH ULQJ EXIIHU VLQFH WKH FRQVXPHU
FDQ UHDGRQO\ LI WKHULQJEXIIHUFRQWDLQVDW OHDVWRQH IXOO























7KH PRVW FRPPRQ DQG VWUDLJKWIRUZDUG DSSURDFK WR
WKHPXOWLSOHSURGXFHUVSUREOHPFRQVLVWVLQDOORZLQJRQO\
RQH SURGXFHU DW D WLPH WRZULWH RQ WKH ULQJ EXIIHU 7KLV



























 7KH SVHXGRFRGH H[DPSOHV SUHVHQWHG LQ WKLV SDSHU DVVXPH D VLQJOH





7KLV VROXWLRQ DOWKRXJK YHU\ VLPSOH GRHV QRW H[SORLW
SDUDOOHOSURFHVVLQJVLQFHRQO\RQHSURGXFHUFDQDFFHVVWKH
ULQJ EXIIHU DW HDFK JLYHQ WLPH :KLOH WKLV PLJKW EH
DFFHSWDEOH LQ JHQHUDO LW PLJKW VLJQLILFDQWO\ DIIHFW
SHUIRUPDQFH LQ SDFNHW FDSWXUH ZKHUH PRYLQJ GDWD IURP
WKH 1,& GULYHU EXIIHU WR WKH NHUQHO EXIIHU UHSUHVHQWV D
QRQQHJOLJLEOH IUDFWLRQ RI WKH RYHUDOO WDVN SHUIRUPHG E\
WKHV\VWHPDVH[SODLQHGLQ6HFWLRQ
7KHDERYHDOJRULWKPFDQEHH[WHQGHGWRDOORZPXOWLSOH
SURGXFHUV WR FRQFXUUHQWO\ DFFHVV D ULQJ EXIIHU E\
VXEVWLWXWLQJWKHSRLQWHU3ZLWKWKHIROORZLQJWZRSRLQWHUV
VHH)LJXUH
• 3& &RQVXPHUKHDG 3RLQWHU LGHQWLI\LQJ WKH ODVW
UHDGDEOHFHOOLQWKHEXIIHU
• 33 3URGXFHUKHDG 3RLQWHU LGHQWLI\LQJ WKH ILUVW
ZULWDEOHFHOOLQWKHEXIIHU
7KHVH WZR SRLQWHUV DQG SRLQWHU & PXVW DOZD\V EH
FRQVLVWHQW$ILUVWVWHSWRPDLQWDLQFRQVLVWHQF\LVWRPDNH
VXUH WKDW HYHU\ LQFUHPHQW WR WKHVH SRLQWHUV EH GRQH
DWRPLFDOO\ 7KLV LV XVXDOO\ REWDLQHG WKURXJK IXQFWLRQV

















7KH SRLQWHU 33 LGHQWLILHV WKH FHOO LQ ZKLFK D QHZ
SURGXFHUVKRXOGGHSRVLWLWVGDWD,QRUGHUWRJXDUDQWHHWKDW
FRQFXUUHQWSURGXFHUVGRQRWDFFHVVWKHVDPHFHOO33PXVW










7KLV VROXWLRQ LV HIIHFWLYH LQ V\QFKURQL]LQJ SURGXFHUV¶
DFFHVV WR WKH ULQJ EXIIHU VR WKDW FHOOV DUH ILOOHG LQ DQ
RUGHUO\ IDVKLRQ ZLWKRXW OHDYLQJ HPSW\ FHOOV EHWZHHQ
ILOOHGRQHVDQGZLWKRXWULVNRIRYHUZULWLQJ+RZHYHULWLV




LW FDQ XSGDWH SRLQWHU 3& )RU H[DPSOH LQ WKH VFHQDULR
GHSLFWHG LQ )LJXUH  WKH SURGXFHU pi FRPSOHWHV LWV WDVN
EHIRUH SURGXFHU pi ZKLFK KDYLQJ VWDUWHG EHIRUH KDG
REWDLQHG FRQWURO RI WKH SUHFHGLQJ FHOO +HQFH XSRQ
FRPSOHWLRQ SURGXFHU pi LV QRW VXSSRVHG WR XSGDWH 3&
ZKLOH SURGXFHU pi VKRXOG XSGDWH 3& WR SRLQW WR WKH FHOO
ILOOHGRXWE\piUDWKHUWKDQLWVRZQ
9DULRXVDOJRULWKPVDQGGDWDVWUXFWXUHVIRUKDQGOLQJWKH
XSGDWH RI 3& ZHUH SURSRVHG LQ>@ RQH RI WKHP LV
LQFOXGHGLQWKH:LQ3FDS>@LPSOHPHQWDWLRQIRU603
PDFKLQHV7KHQH[W6HFWLRQSUHVHQWVDVLPSOHUDQGPRUH




FHOO WDJ WKDW LQGLFDWHV LWV VWDWH 7KH FRQVXPHU FKHFNV D
FHOO¶V WDJ WR GHWHUPLQH ZKHWKHU WKH FHOO FDQ EH UHDG $
SRLQWHU 3 FRQWDLQV WKH LQGH[ RI WKH ILUVW FHOO LQZKLFK D
SURGXFHUFDQVWRUHLWVGDWD
7KHSHUFHOO WDJ LGHQWLILHV RQHRI WKH IROORZLQJ VWDWHV
IRUWKHFHOO
• )UHH ² WKH FHOO LV HPSW\ DQG FDQ EH ZULWWHQ E\
SURGXFHUVWKHFRQVXPHULVQRWVXSSRVHGWRUHDGLW






• 3DGGLQJ ² D SURGXFHU DIWHU ERRNLQJ WKH FHOO KDV
IDLOHG WR ILOO LW2WKHU SURGXFHUV VKRXOG QRW FRQVLGHU
WKLVFHOOIRUZULWLQJZKLOHFRQVXPHUVVKRXOGSURFHVV
WKLVFHOOE\WDJJLQJLWIUHHZLWKRXWUHDGLQJLWVFRQWHQW











,QLWLDOO\ HYHU\ FHOO LV PDUNHG )UHH $ SURGXFHU
ZLVKLQJ WRZULWHGDWDERRNVD)UHHFHOOE\PDUNLQJ LWDV
%RRNHGWUDQVLWLRQ3LQ)LJXUH:KHQWKHSURGXFHULV
GRQH ZLWK D ERRNHG FHOO LW PDUNV WKH FHOO DV )XOO
WUDQVLWLRQ3LQ)LJXUH,IWKHSURGXFHUIRUDQ\UHDVRQ
IDLOV WR FRPSOHWH LWV ZULWLQJ RSHUDWLRQ E\ VWRULQJ YDOLG
GDWD LQ WKH FHOO LW ERRNHG WKHQ LW PDUNV WKH FHOO DV
3DGGLQJWUDQVLWLRQ3LQ)LJXUH,QFDVHWKHEXIIHULV
IXOO WKH FRQVXPHU FDQ HLWKHU UHWXUQ IDLOXUH DV LW LV LQ
)LJXUHRUEORFNXQWLODFHOOEHFRPHV)UHH+RZHYHU
WKH IRUPHU LV WKH SUHIHUUHG VROXWLRQ LI QR EXIIHUV DUH
DYDLODEOHWKHUHFHLYHGSDFNHWLVVLPSO\ORVW
$FRQVXPHUFDQFRQVLGHUDFHOORQO\LILWLVLQD)XOORU
3DGGLQJ VWDWH PRUHRYHU RQO\ D FHOO PDUNHG DV )XOO
FRQWDLQVYDOLGGDWDKHQFHD3DGGLQJFHOOPXVWEHVNLSSHG
:KHQDFRQVXPHUKDVSURFHVVHGDFHOOZKHWKHUD)XOORU
3DGGLQJ RQH LWPDUNV WKH FHOO)UHH WUDQVLWLRQV& DQG
&LQ)LJXUHUHVSHFWLYHO\
)LJXUH  VKRZV WKH SVHXGRFRGH RI WKH WDJJHG FHOO
DOJRULWKPSRLQWHUV3DQG&DUHXVHGWR LGHQWLI\ WKHQH[W
FHOO WR EH FRQVLGHUHG IRU ZULWLQJ DQG IRU UHDGLQJ
UHVSHFWLYHO\

	 ,Q FDVH RI D%RRNHG FHOO WKH FRQVXPHU FDQ HLWKHU UHWXUQ D IDLOXUH RU





if (buffer[P].flag == FREE)
{







if (myP == -1)
return FAILURE_BUFFER_FULL;
buffer[myP] = produce(..., retcode);
lock(global_lock);
if (ret_code == OK)
buffer[myP].flag = FULL; /* P2 transition */
else









if (myflag == FREE || myflag == BOOKED)
return FAILURE_EMPTY;
if (myflag == FULL)
consume(stream[C]);
lock(global_lock);






7KH SRLQWHU 3 DQG WKH FHOO WDJ VKDUHG DPRQJ WKH
YDULRXV SURGXFHUV DUH DWRPLFDOO\ PRGLILHG LQVLGH D
FULWLFDO VHFWLRQ HQFORVHG EHWZHHQ
lock(global_lock) DQG 
unlock(global_lock)
7KH WDJJHG FHOO DOJRULWKP KDV WZR PDMRU DGYDQWDJHV
RYHU HDFK RI WKH SRLQWHU EDVHG VROXWLRQV SUHVHQWHG LQ
6HFWLRQ
• 7KHSURGXFHUXVHVWZRVPDOOFULWLFDOVHFWLRQVZKRVH
VROH SXUSRVH LV WR KDYH D JOREDO SRLQWHU DWRPLFDOO\
PRGLILHG ZKLOH WKH SURGXFHU FRGH WKDW DFWXDOO\
ZULWHV GDWD LQWR WKH ULQJ EXIIHU² LH WKH IXQFWLRQ
produce(…) LQ WKH SUHVHQWHG SVHXGRFRGH
H[DPSOH²LVQRWLQDFULWLFDOVHFWLRQWKHUHIRUHLWFDQ
EHFRQFXUUHQWO\H[HFXWHGE\PXOWLSOHSURGXFHUV
• 7KH FRRUGLQDWLRQ RI SURGXFHUV DQG FRQVXPHUV LV
VWUDLJKWIRUZDUG WRXQGHUVWDQG DQG LPSOHPHQW LW LV D
PDWWHU RI DWRPLF KDQGOLQJ RI WKH FHOO WDJV DQG
SRLQWHUV33DQG&
2Q WKH RWKHU VLGH WKLV VROXWLRQ SUHVHQWV WZR
VKRUWFRPLQJVZKRVHLPSDFWRQWKHV\VWHPVSHUIRUPDQFH
FDQ KRZHYHU EH FRQVLGHUHG QHJOLJLEOH HVSHFLDOO\ ZKHQ
WKHDOJRULWKPLVDSSOLHGLQWKHFRQWH[WRISDFNHWFDSWXUH












• LIRQHRUPRUH%RRNHG FHOOV SUHFHGHD)XOO FHOO WKH
ODWWHU FDQQRW EH DFFHVVHG E\ D FRQVXPHU XQWLO WKH
UHVSHFWLYHSURGXFHUVDUHGRQHZLWKWKH%RRNHGFHOOV
6XFKDVFHQDULRLVGHSLFWHGLQ)LJXUHDFRQVXPHU
DFFHVVLQJ WKH EXIIHU LV JLYHQ D EXIIHU HPSW\













WKH1,& VROYLQJ WKDW LVVXHZLOO DULVH WKHSUREOHPRI WKH
RXWRIRUGHUSDFNHWV+RZHYHULQFDVHWKLVLVVXHPDWWHUV
ZH VKRXOG WDNH LQWR DFFRXQW WKDW WKH GLIIHUHQFH LQ WKH
H[HFXWLRQ WLPH RI WKH SURGXFHUV LV XVXDOO\ VPDOO
&RQVHTXHQWO\DVLWXDWLRQ OLNH WKHRQHGHSLFWHG LQ)LJXUH
KDVDOLPLWHGWLPHVSDQZKLFKLPSOLHVWKDWLWKHUHLV
DORZSRVVLELOLW\WKDWDFRQVXPHUFKHFNVSRLQWHU&LQVXFK
D VKRUW VSDQ DQG LL D EORFNHG FRQVXPHU LV ZDNHQ XS
VKRUWO\ 0RUHRYHU LQ SDFNHW PRQLWRULQJ DQG DQDO\VLV







LQ 603 V\VWHPV EXW DUH SDUWLFXODUO\ UHOHYDQW WR WUDIILF
PRQLWRULQJDQGDQDO\VLVDSSOLFDWLRQV
 3UHVHUYLQJGDWDRUGHU
,Q WKH UHDOP RI SDFNHW FDSWXUH WKH SUREOHP RI
SUHVHUYLQJ WKH DUULYDO RUGHU RI WKH SDFNHWV LV D
IXQGDPHQWDO LVVXH SDUWLFXODUO\ ZKHQ GHDOLQJ ZLWK
PXOWLSOH FRQFXUUHQW SURGXFHUV 3DFNHWV WUDYHO RQ D OLQN
VHULDOO\ DQG DUH UHFHLYHG E\ DOO WKH 1,&V LQ WKH VDPH
RUGHUWKXVLWLVLPSRUWDQWWKDWSDFNHWVDUHGHOLYHUHGWRWKH
DSSOLFDWLRQLQWKHVDPHRUGHUWKH\KDYHEHHQUHFHLYHGE\
WKH 1,& +RZHYHU DV VKRZQ LQ )LJXUH  DQG )LJXUH 
UHFHLYHGSDFNHWVDUHVWRUHGLQWKH1,&GULYHUEXIIHUZKLOH
SDFNHWV EHLQJ SURFHVVHG DUH UHWULHYHG IURP WKH NHUQHO
EXIIHU &RQVHTXHQWO\ LW LV HVVHQWLDO WKDW WKH RUGHU RI
SDFNHWVLVPDLQWDLQHGLQWKHWUDQVIHUIURPWKH1,&GULYHU
EXIIHUWRWKHNHUQHOEXIIHU7KLVLVVXHZLOOEHDQDO\]HGLQ
GHWDLO IRU WKH WDJJHG FHOO DOJRULWKP +RZHYHU WKH VDPH











WKH VKDGHG DUHD UHSUHVHQWV WKH H[HFXWLRQ RI WKH ERRNLQJ
SURFHGXUH WKDW WDNHV SODFH VKRUWO\ DIWHU WKH SURGXFHU
VWDUWV ,Q WKH FRQWH[W RI SDFNHW FDSWXUH D SURGXFHU LV
H[HFXWHGDVDtap() WULJJHUHGE\ WKH'3&KDQGOLQJD




LV QRW WKH FDVH RI:LQGRZV17EDVHG 603 V\VWHPV IRU
WKHIROORZLQJUHDVRQV
• &RQVLGHU D VFHQDULR LQ ZKLFK WKH '3& LQWHQGHG WR
KDQGOH D UHFHLYHG SDFNHW LV DSSHQGHG WR WKH '3&
TXHXH RI SURFHVVRU Π ZKLOH WKH '3& RI D
VXEVHTXHQWO\ UHFHLYHG SDFNHW LV DSSHQGHG WR WKH
TXHXH RI SURFHVVRU Π ,I Π LV DYDLODEOH IRU WKH
H[HFXWLRQRI LWV'3&EHIRUHΠΠZLOOH[HFXWH WKH
SURGXFHU FRGH HDUOLHU DQG PDUN DV %RRNHG D FHOO
SUHFHGLQJ WKH RQHPDUNHG E\Π&RQVHTXHQWO\ WKH
WZRSDFNHWVZLOOQRWEHVWRUHGLQWKHULQJEXIIHULH
WKHNHUQHOEXIIHULQWKHRUGHUWKH\ZHUHUHFHLYHG
• (YHQ LI '3&V DUH H[HFXWHG LQ WKH VDPH RUGHU WKHLU
FRUUHVSRQGLQJ SDFNHWV ZHUH UHFHLYHG DV LW LV WKH
FDVHIRUH[DPSOHLIWKHSURFHVVRUVDUHLGOHZDLWLQJWR
SURFHVV UHFHLYHG SDFNHWV WKH H[HFXWLRQ FDQ EH
LQWHUUXSWHG ³SUHHPSWHG´ IRU VHUYLFLQJ DQ LQWHUUXSW
UHTXHVW$VVKRZQLQ)LJXUHLIWKHH[HFXWLRQRID
SURGXFHUpi RQ SURFHVVRUΠ LV SUHHPSWHG EHIRUH LW
PDUNV D FHOO DV %RRNHG D SURGXFHU pi VWDUWHG RQ
SURFHVVRU Π DIWHU pi FRXOG H[HFXWH WKH PDUNLQJ
LQVWUXFWLRQEHIRUHpi&RQVHTXHQWO\WKHILUVWUHFHLYHG










,W LVRSLQLRQRI WKHDXWKRUV WKDWDQRQ]HURSRVVLELOLW\
RIQRWSUHVHUYLQJSDFNHWRUGHUFDQEHDFFHSWHGDVDWUDGH
RII LQ REWDLQLQJ KLJK SHUIRUPDQFH RYHU 603 PDFKLQHV
UXQQLQJDJHQHUDOSXUSRVHRSHUDWLQJV\VWHP,QDQ\FDVH
VRPH RI WKH DVSHFWV RI WKH SUREOHP GHSHQG RQ WKH
RSHUDWLQJV\VWHPZKLFKLVQRWXQGHURXUFRQWURO
 6\QFKURQL]DWLRQWLPH
7KH WLPH VSHQW E\ FRQFXUUHQW SURFHVVHV ZDLWLQJ IRU
HDFKRWKHU LQFOXGHVWKHFRQWULEXWLRQVOLVWHGEHORZ,Q WKH
FRQWH[W RI KLJKVSHHG SDFNHW FDSWXUH WKHVH FRQWULEXWLRQV
PLJKWPDNHV\QFKURQL]DWLRQWLPHDVHULRXVLVVXH
• 6\QFKURQL]DWLRQ SULPLWLYHV DUH XVXDOO\ VORZ
SDUWLFXODUO\ RQ PXOWLSURFHVVRU PDFKLQHV ,QIRUPDO
WHVWUHVXOWVKDYHVKRZQWKDWZLWK:LQGRZV17EDVHG
RSHUDWLQJ V\VWHPV D V\QFKURQL]DWLRQ SULPLWLYH LV XS
WRWLPHVVORZHURQDPXOWLSURFHVVRUPDFKLQHWKDQ
RQDVLQJOHSURFHVVRURQH7KLVDSSOLHVWRERWKNHUQHO
HJ VSLQORFNV DQG KDUGZDUH HJ
InterlockedXXX() IXQFWLRQ V\QFKURQL]DWLRQ
SULPLWLYHV
• 7KHZRUVWFDVH WLPHVSHQWZDLWLQJ WRHQWHUDFULWLFDO







DIWHUpi EXW LW KDV WR ZDLW DOPRVW WZLFH WKH FULWLFDO
VHFWLRQH[HFXWLRQWLPHW¶$±W$EHIRUHEHLQJDOORZHG
LQWRLW(YHQWKRXJKWKHFULWLFDOVHFWLRQRIWKHWDJJHG
FHOO DOJRULWKPV HQFRPSDVVHV D VPDOO QXPEHU RI
LQVWUXFWLRQV ²KHQFH IHDWXULQJ D VKRUW H[HFXWLRQ
WLPH²ZKHQWKHQXPEHURISURFHVVRUVLQWKHV\VWHP













RIGHYHORSPHQWRI:LQ3FDS>@ DSXEOLF GRPDLQ OLEUDU\
IRU ORZOHYHO DFFHVV WR QHWZRUN IXQFWLRQDOLWLHV RQ
:LQGRZV V\VWHPV%HLQJ WUDIILFPRQLWRULQJDQGDQDO\VLV
WKHPDLQDSSOLFDWLRQVRI WKLV OLEUDU\ VHH >@>@>@ KLJK
SHUIRUPDQFH LV HVVHQWLDO WR HQVXUH SURSHURSHUDWLRQZLWK
KLJK VSHHG LQWHUIDFHV VXFK DV*LJDELW (WKHUQHW 3DUDOOHO
H[HFXWLRQRISDFNHWFDSWXUHRQ603V\VWHPVVHHPVWREH
D SRVVLEOH SURPLVLQJ DSSURDFK WR KLJK SHUIRUPDQFH
+RZHYHUSDFNHW FDSWXUH LV DQ LQKHUHQWO\ VHTXHQWLDO WDVN
DQGWKHFRGHLPSOHPHQWLQJLWPXVWEHFDUHIXOO\GHVLJQHG
LQ RUGHU WR WDNH VLJQLILFDQW DGYDQWDJH RI PXOWLSOH
SURFHVVRUV ZLWKRXW DQ\ SDFNHW UHRUGHULQJ 6LQFH VHYHUDO
DOJRULWKPV GR QRW VFDOH ZHOO ZLWK WKH QXPEHU RI
SURFHVVRUV KDYLQJ PXOWLSOH &38V GRHV QRW QHFHVVDULO\
LPSO\EHWWHUSHUIRUPDQFH
7KHSUHVHQWHGZRUNKDVWZRPDLQFRQWULEXWLRQV)LUVW
D QRYHO DOJRULWKP IRU WKH VROXWLRQ RI WKH SURGXFHU
FRQVXPHUSUREOHPZKHQPXOWLSOHSURGXFHUVFRQFXUUHQWO\
DFFHVV WKH VKDUHG EXIIHU LV SUHVHQWHG 6HFRQG VRPH
JHQHUDO LVVXHV LQPXOWLSURFHVVRU V\VWHPVDUH DQDO\]HG LQ
WKHFRQWH[WRISDFNHWFDSWXUHDSSOLFDWLRQV

,QGHSHQGHQWO\ RI LWV DSSOLFDWLRQ LQ WKH ILHOG RI KLJK
SHUIRUPDQFHSDFNHWFDSWXUHWKHSUHVHQWHGVROXWLRQIRUWKH
PXOWLSOH FRQFXUUHQW SURGXFHUV SUREOHP FRQVWLWXWHV D
JHQHUDO UHOHYDQW WKHRUHWLFDO FRQWULEXWLRQ )XUWKHU ZRUN
ZLOOLQFOXGHLWVSHUIRUPDQFHHYDOXDWLRQDOVRLQWKHFRQWH[W
RI 1RQ8QLIRUP 0HPRU\ $UFKLWHFWXUH 180$
ZRUNVWDWLRQV ZKLFK RIIHU D JUHDW GHJUHH RI VFDODELOLW\
EHFDXVH WKHLU SHUIRUPDQFH DUH QRW OLPLWHG E\ WKH VKDUHG
EXVDQG5$0PHPRU\
5HIHUHQFHV
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7RULQR ³:LQ3FDS :HE 6LWH´ DYDLODEOH DW
KWWSZLQSFDSSROLWRLW$SULO
>@ 60F&DQQHDQG9-DFREVRQ³7KH%3)3DFNHW)LOWHU$
1HZ $UFKLWHFWXUH IRU 8VHUOHYHO 3DFNHW &DSWXUH´
3URFHHGLQJV RI  :LQWHU 86(1,; 7HFKQLFDO
&RQIHUHQFH6DQ'LHJR&$-DQ86(1,;
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7RULQR ³$QDO\]HU :HE 6LWH´ DYDLODEOH DW
KWWSDQDO\]HUSROLWRLW0DUFK
>@ &RPSXWHU 1HWZRUNV *URXS 1HW*URXS DW 3ROLWHFQLFR GL




>@ * 9DUHQQL ³$SSURDFKHV IRU WKH QSURGXFHUVFRQVXPHU
SUREOHP´7HFKQLFDO5HSRUW'$8,1'LSDUWLPHQWR
GL $XWRPDWLFD H ,QIRUPDWLFD 3ROLWHFQLFR GL 7RULQR ,WDO\
)HE
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6\VWHP&RQFHSWVWKHG-RKQ:LOH\	6RQV
>@ ) 5LVVR DQG / 'HJLRDQQL ³$Q $UFKLWHFWXUH IRU +LJK
3HUIRUPDQFH 1HWZRUN $QDO\VLV´ 3URFHHGLQJV RI WKH WK
,((( 6\PSRVLXP RQ &RPSXWHUV DQG &RPPXQLFDWLRQV
,6&&+DPPDPHW7XQLVLD-XO\
>@ 3 *XSWD DQG 1 0F.HRZQ ³$OJRULWKPV IRU 3DFNHW
&ODVVLILFDWLRQ´ ,(((1HWZRUN 6SHFLDO ,VVXH0DUFK$SULO
YROQRSS
>@ 0LFURVRIW :LQGRZV 'ULYHU 'HYHORSPHQW .LWV ''.V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DYDLODEOHDWKWWSZZZPLFURVRIWFRPGGN
